For several years cytokine production has been associated with infections but it was not suspected that some types of food could also induce cytokines, even in a state of non-infection. Lactic bacteria can induce interferon (IFN) production in human healthy subjects, thus, a better protection against infections would be expected. Therefore, we planned to evaluate the effect of two diets including yoghurt or milk on IFN-g production during nutritional recovery in two different situations of malnutrition: (1) children with diarrhoea; and (2) patients with anorexia nervosa (AN). Both the diet including yoghurt of that including milk seemed to increase IFN-g production at the end of nutritional recovery in the malnourished children with diarrhoea. The significance of interferon production and the lymphocyte subset increase should be explored to know if a better resistance against pathogens is related to them. Regulation of intestinal absorption and moderate stimulation of interferon production make the yoghurt-based diet a good choice in the nutritional care of children. In the same way, an increase in the IFN-g production was observed in AN patients consuming yoghurt. This increase of IFN-g production could be considered a biological marker to detect the effect of probiotics on the immune response, especially in the improvement of a deficient nutritional status.
Introduction
Yoghurt (milk fermented with Lactobacilus bulgaricus and Streptococcus thermophilus) is considered as a functional food, since probiotics are capable of exerting positive impacts on health and these effects go beyond their high nutritional value. Different studies in animals have pointed out that yoghurt intake may enhance natural and acquired immunity (Conge et al, 1980; De Simone et al, 1986) . However, despite conventional yoghurt being the most typically consumed in the world, relatively few studies have looked into the effects of yoghurt consumption on the immune system in humans.
A large number of studies have shown that lactic-acid bacteria can influence cytokine production by immunocompetent cells in animals and humans. Specifically, the lacticacid bacteria contained in conventional yoghurt have been reported to significantly enhance IFN-g production, although a loss of activity seems to occur after heat treatment of the bacteria (De Simone et al, 1986; Halpern et al, 1991; Solis-Pereyra et al, 1997) . The production of other cytokines, such as IL-6 and TNF-a by a monocytic line in culture is also stimulated by S. thermophilus and L. bulgaricus (Marin et al, 1998) . Theoretically, an enhanced production of IFN-g could lead to a better response against pathogens during infection processes.
On the other hand, several intestinal alterations result from deficient hygiene or the consumption of food and drinks contaminated with bacteria or viruses, such as Rotavirus, E. coli or Campylobacter. In addition to milkbased feeding, in-hospital treatment of patients with diarrhoea begins with oral rehydration and a wide-spectrum antibiotic treatment. Several studies suggest that fermented milk consumption improves recovery in undernourished children or children with diarrhoea (Hitchins & McDonough, 1989; Dewit et al, 1987; Gendrel et al, 1990; Touhami et al, 1992; Saavedra et al, 1994; Lewis & Freeman, 1998; Saavedra, 2000) . Furthermore, the World Health Organization has supported the use of yoghurt in nutritional recovery (WHO, 2000) . The effects of yoghurt in these situations are attributed to an improved lactose tolerance, better digestibility due to the high peptide content and to the bacteria b-galactosidase production (Marteau et al, 1990; Gendrel et al, 1990; Martini et al, 1991; Shah et al, 1992) . More recently, it has also been pointed out that the immune system stimulation exerted by lactic acid bacteria used in yoghurt production would allow the maintenance of an improved resistance against pathogens (Solis Pereyra & Lemonnier, 1991; Halpern et al, 1991; Hoerr & Bostwick, 2000; Erickson & Hubbard, 2000) .
Diarrhoea in malnourished children
In terms of mortality, 49% of the 10.7 million deaths occurring a year in children under 5 y are associated with malnutrition problems. The most frequent causes are breathing complications and diarrhoea. In Morocco diarrhoea accounts for 21% of deaths in children under 5 y, while 11% are attributed to respiratory illness. The 1990 national survey showed that children under 5 y of age suffered an average of eight episodes of acute diarrhoea per year. In hospitals in Morocco, the incidence of infantile diarrhoea has been reported to be 5.2%, mainly affecting children younger than 2 y (Ministère de la Santè Publique du Maroc, 1992).
Anorexia nervosa as an example of malnutrition in industrialized countries
Anorexia nervosa (AN) is a syndrome characterized by an intense fear of fatness and the individual's refusal to eat with the purpose of losing weight or maintaining it below normal standards. This behaviour, highly influenced by aesthetic patterns, is so completely ingrained in the patients that severe situations of malnutrition develop over time and high mortality rates are associated with the illness (Sullivan, 1995) .
The studies on the impact of malnutrition in AN patients over the immune system have produced controversial findings. Patients with AN frequently show a tendency to get leucopenia together with relative lymphocytosis (Marcos et al, 1996; Marcos, 1997; Mustafa et al, 1997 ) and a decreased delayed hypersensitivity skin test (DHT) response (Cason et al, 1986; Varela et al, 1988) ; however, the proliferative response of lymphocytes is usually normal (Golla et al, 1981; Nagata et al, 1999) . Thus, even though some of the immune impairments of AN are similar to those observed in simple malnutrition, the immune function seems to be better preserved than would be expected, considering the highly defective nutritional status of the patients. Regarding cytokine production in AN patients, variable results have also been reported from studies carried out with very different designs. An inhibition of PHA-induced IFN-g production by peripheral blood mononuclear cells (PBMCs) of AN patients in relation to that of age-matched controls has been found previously (Schattner et al, 1990b; Polack et al, 1993) , which could be related to an impaired response of the immune system against pathogens.
Thus, the aim of this study was to find out the potential stimulatory effect of yoghurt intake on the IFN-g production by immunocompetent cells, in two different situations of malnutrition: in children with diarrhoea (Morocco) and in patients suffering from anorexia nervosa (Spain).
Material and methods

Study in Moroccan children
Two groups of children were recruited to carry out the study. One group consisted of 22 children with ages between 6 and 24 months and with a weight-to-height ratio between 70 and 80%. Children were recruited for the study according to the NHCS norms. These children were admitted to the Paediatric Hospital of Rabat for a period of 18 months with marked weight loss, diarrhoea and=or persistent respiratory infections. The children were not breast-fed, except two that maintained this condition when they entered the study. Ninety-five percent of them belonged to a rural area with no drinking water supply or electricity. Those who presented special complications (cardiopathies, yeyunostomy, etc) or required special treatments (blood transfusions) were not included in the study. Parent's written consent and permission from Rabat's Ethics Committee were obtained.
After their admission to the hospital, children received oral rehydration serum (ORS; Ministère de la Santè Publique du Maroc, 1992) and always a wide-spectrum antibiotic treatment. A milk-based diet (therapeutic Nutriset, France, 1 kcal=ml energy density) or a yoghurt-based diet, made with the therapeutic Nutriset milk and the lactic acid bacteria L. bulgaricus and S. thermophilus incubated for 6 h at 40 C, was assigned to each patient. They received 100 kcal=kg=day during the first days divided into 8 -12 doses. Following weight gain, subsequent increments in energy density to 150 and 200 kcal=kg=day were introduced with milk or yoghurt according to the previously assigned diet. Vegetables, meat and fruit soups were progressively introduced as well. A supplement of iron sulphate (100 mg=day) was given when a 150 kcal=kg=day intake was achieved. This supplement was maintained for 2 months after discharge.
Trained staff measured weight and height daily and weekly, respectively. Two blood samples of peripheral blood were obtained on admission and discharge, which occurred when children achieved 90% of the standard weight for height and an adequate general status. Blood samples were used to perform the following measurements by the Laboratory of Maghreb (Rabat). IFN-g was measured in the supernatants from PBMC cultured in the presence of yoghurt bacteria (L. bulgaricus and S. thermophilus; Solys-Pereyra et al, 1997).
A control group of 12 healthy children between 12 and 24 months and a weight-for-height value of 100% according to the NCHS norms was also studied. These children usually consumed 100 ml of milk per day. The protocol used in this study established an initial intake of 300 ml of semiskimmed milk=day during 15 days followed by 300 ml of yoghurt made with semi-skimmed milk during 15 more days, in addition to their usual diet. Three blood samples of 10 ml were taken from each subject, at basal time, and at days 15 and 30 of the study. The same parameters as those in the malnourished children were evaluated.
The composition of the Therapeutic Nutriset milk was 28.5 g=l of protein, 58.9 g=l of lipids and 89.3 g=l of carbohydrates with 30 g=l of lactose.
Differences between malnourished children and controls and within the group of malnourished children, before and after treatment, were analysed by Student's t-test. The predetermined upper limit of probability for statistical significance was P < 0.05.
Study in Spanish patients with anorexia nervosa
This group included 31 female adolescents who suffered from anorexia nervosa (age range 12 -18 y) upon admission for treatment to the Niño Jesú s Hospital. All these patients met the DSM IV (American Psychiatric Association, 1994) criteria for restricting-type AN. Multidisciplinary treatment was provided in an eating-disorders unit, through combined cognitive -behavioural treatment and psychopharmacological medication. The nutritional support provided a 1500 kcal=day initial diet and subsequent increases were prescribed until a range of 2500 -3000 kcal=day was achieved. There were a total of four dropouts, which left 27 subjects who completed the whole study.
The 27 subjects were randomly assigned to one of two groups that received an opposite pattern of milk and yoghurt intakes within their daily dietary intakes. The first group received three yoghurts (375 g) per day and no milk during 10 weeks and during the following 10 weeks they received two glasses of milk (450 g) per day but no yoghurt (AN1, n ¼ 16). The second group received two glasses of milk per day and no yoghurt during the first 10 weeks and changed to three yoghurts and no milk during the following 10 weeks (AN2, n ¼ 11). The analyses were made at weeks 0, 6, 10, 16 and 20, that will be shown as P1, P2, P3, P4 and P5, Probiotics as refeeding agents in malnourished subjects B Solis et al S29 respectively in Tables 1 -4. All the patients started the study while receiving in-patient treatment and went on with the study protocol after discharge. Yoghurts were delivered every 2 weeks to the patients' homes. At each time point basic anthropometric data were obtained by the standard procedure and blood was collected by puncture of the cubital vein after an overnight fast. PHA-stimulated in vitro production of IFN-g by PBMC was analysed by ELISA kits (Bender Medsystem, Vienna).
Statistical analysis
In normally distributed variables, differences between time points within a group were analysed by Student's t test for paired data, and differences between both groups by Student's t test for independent data, after Levene's test for analysis of variance. Non-parametrical analyses were performed for comparisons of IFN-g production between time points (Wilcoxon signed ranks test) or between groups (Man -Whitney test). The predetermined upper limit of probability for statistical significance was P < 0.05.
Results
Study in Moroccan children with diarrhoea
In relation to IFN-g secretion, a high inter-individual variability was found in malnourished children. However, in the children's control group yoghurt consumption during 15 days significantly increased IFN-g production. In both 
Probiotics as refeeding agents in malnourished subjects
B Solis et al S30 groups of malnourished children there was an increase in IFN-g production after nutritional recovery both with the yoghurt-(P < 0.01) and the milk-based diet (P < 0.05), as shown in Table 1 . However, it is important to highlight that, after the nutritional therapy, while only 33% of the group administered the milk-based diet showed increased IFN-g values, 80% of the malnourished children fed with the yoghurt-based diet showed an increase of the cytokine (Figures 1 and 2 , respectively).
Study in Spanish patients with anorexia nervosa BMI levels from AN patients are shown in Table 1 . There were no significant differences in BMI along the follow-up study between both groups of AN submitted to both diet patterns (yoghurt -milk or milk -yoghurt). An increase in body mass index (BMI) was achieved during the first 6 weeks of the study, as expected from patients receiving refeeding therapy. However, no further changes were observed in BMI in the following points, despite values reflecting still a low weight situation. The duration of the in-patient treatment was on average one month, which means that, as outpatients, the anorexic girls only maintained the BMI levels recovered during admission. Later on, further improvements in body composition were very slow. A high inter-individual variability was also found in patients with AN. An increase in IFN-g was observed in AN1 after consuming yoghurt for 10 weeks, and these levels remained unmodified during the milk consumption period. However, IFN-g production decreased significantly in AN2 patients after 10 weeks and basal levels were recovered again after 10 weeks of yoghurt intake (Table 2, Figure 3) . Serum IFN-g concentrations are shown in Table 3 . High percentages of undetectable IFN-g levels were found in serum from both AN groups; serum IFN-g values being very low in those few patients showing a measurable concentration.
Discussion
Yoghurt is considered a healthy food with a high nutritional value together with functional properties; many of them have been related to the live bacteria contained in yoghurt (Muscettola et al, 1994) . Perhaps the most studied are the beneficial effects that are due to the interaction of these lactic acid bacteria with the intestinal microflora, which could prevent enteric infections (Guerin-Danan, 1998; Heyman, 2000) . However, these live bacteria can interact with intestinal epithelial cells and also cross the intestinal barrier reaching the lamina propia where they can interact with lymphocytes and, through mechanisms still unknown, exert some immunomodulatory properties. One possible effect of yoghurt is the modulation of cytokine production by immunocompetent cells (Marcos et al, 1996; Ló pez-Varela et al, 2002) . Several studies have been carried out in animals and humans with variable designs to assess this effect. However, altogether, it is difficult to draw definite conclusions, since study designs vary tremendously among them. For instance, most studies investigated the effect of intravenous or intraperitoneal administration or in vitro application of yoghurt bacteria on cytokine production (Muscettola et al, 1994; Rangavajhyala et al, 1997) , and the results of these studies may not reflect those that would be found if the bacteria had been consumed orally (Arunachalam et al, 2000) . Differences might also exist between the effect of the bacteria themselves and those caused by these bacteria acting into a fermented product (Marteau et al, 2001) . Also, different results should be expected if cytokine production is directly measured in plasma from the volunteers as compared with the in vitro production, which usually occurs under stimulation conditions of the isolated cells (SolisPereyra et al, 1997) . Finally, it is important to take into account that adding different mitogens (Con A, PHA, LPS, etc) to the culture has been shown to induce different production of a particular cytokine (Allende et al, 1998) .
In previous works, a capacity for the lactic acid bacteria contained in yoghurt to enhance cytokine production, especially IFN, in a healthy adult population has been pointed out (Solis Pereyra & Lemonnier, 1991) . Moderate amounts of IFN were produced in vitro and in vivo with no negative effects. The effects of yoghurt intake on the immune response have not been explored in children undergoing refeeding. However, yoghurt inclusion in the nutritional therapy of malnourished populations is clinically adequate and a general practise of this procedure has even been suggested by the WHO (WHO, 2000; Touhami et al, 1992) . The aim of this work was to evaluate the nutritional and immunological advantages of yoghurt inclusion in the refeeding of two groups (patients with AN and malnourished children) in comparison with a milk-based diet, and to find out if the findings regarding IFN production observed in adult subjects were also obtained in these two groups under nutritional recovery.
The immunological markers of nutritional status studied here were significantly altered in undernutrition (Chandra, 1996 (Chandra, , 1997 .
In our children moderate production of IFN-g was observed, as opposed to the IFN-g response in the milk-fed (yoghurt -milk); (j) AN2 (milk -yoghurt).
1,2,3,4 Significant differences with the time point indicated by the respective number (Wilcoxon test); P < 0.05.
Probiotics as refeeding agents in malnourished subjects B Solis et al S31 group. However yoghurt intake increased IFN-g production after 10 weeks of consumption in both AN groups; but the pattern of IFN-g production during the milk period was very different in both groups. While the production decreased when the treatment began with milk, it was maintained in a high level when consumed after yoghurt. This could be due to a lingering effect after the yoghurt period.
A similar increase in the production of this cytokine has been reported in healthy adults after yoghurt consumption during 15 days, as reflected by an increase in 2 0 -5 0 A synthetase activity, a marker of IFN production, in blood mononuclear cells (Solis-Pereyra et al, 1997) . Although it is difficult to establish how this cytokine modulation by yoghurt intake may influence the immune system of the anorexic patients, some benefits could be presumed from this stimulation since previous results have pointed to an apparent inhibition of PHA-induced IFN-g production by PBMCs in AN patients in relation to that of age-matched controls (Schattner et al, 1990; Polack et al, 1993) . However, it is also difficult to know if the response in vivo against a pathogen would be similar to the one observed in vitro against the mitogen. Regarding serum IFN-g levels, no evident effect of dairy product intake pattern was shown in the anorexic patients. These levels are usually very low or undetectable in healthy subjects as well. Similarly, consumption of yoghurt or milk did not influence the anthropometrical recovery of the patients.
Conclusions
In conclusion, when comparing both diets, milk and yoghurt, no differences were observed in clinical parameters of recovery such as length of the hospitalization period or weight gain. However, the trend towards an improvement of biochemical parameters, lymphocyte subsets and a moderate production of IFN-g suggest that yoghurt could be useful in the treatment of patients with malnutrition. The increase in the IFN-g production after nutritional recovery and in the control group after yoghurt consumption could be relevant in achieving an improved protection against pathogens. Thus, it would be interesting to explore whether infection frequency is related to this production.
Since immunomodulation exerted by lactic acid bacteria has been shown to be strain-specific, it is necessary to carry out more studies with the two strains of conventional yoghurt and yoghurt itself, in order to characterize the properties of this popular food. Despite the uncertainties about the mechanisms involved and about the in vivo relevance of the effects observed in vitro, the inclusion of a healthy food such as yoghurt in the nutritional therapy of patients with eating disorders seems advisable. The stimulatory effect on IFN-g production seemed to occur only after 10 weeks rather than with the beginning of consumption; thus, the aim should be to include it daily and, when possible, upon commencement of the treatment.
